INTRODUCTION
The term 'virus core' has been used more and more, frequently in connection with various viruses, such as arboviruses, RNA-tumour viruses, reoviruses, adenoviruses and recently also with influenza virus. 'Cores' of certain viruses (e.g. reoviruses and arboviruses) were reported to be rather stable (Mayor et al. 1965; Strauss et al. I968; Horzinek & Mussgay, t969; Appleyard, Oram & Stanley, I97o; and others) . Others, e.g. adenovirus ' cores', are very labile (Russell, McIntosh & Skehel, I97I) . Influenza virus 'cores' were recently prepared by treatment with sodium deoxycholate (Skehel, I97I ) or with Nonidet P-4o (Schulze, I972) . Schulze 0970) defined them as an internal 'structure consisting of virus RNA and the three carbohydrate-flee proteins'. This paper reports several attempts to isolate them in a native state.
METHODS
Virus strains. The x-3i strain of A2/HONG KONC (Kilbourne, 1969) and AO/BEL strain of influenza viruses were grown in embryonated eggs and purified as described by Skehel & Schild (1970. Chemicals. Bromelain solution (grade II, Sigma, London Chemical Co. Ltd.) was prepared according to Compans et aL 097 o) and used in a final concentration of 0"5 mg/I mg of virus protein.
Trypsin (2 × cryst., Serva, Heidelberg) was used as a I ~ solution either in phosphate buffered saline, pH 7"2, (PBS) or in M/I 5 phosphate buffer, pH 7"2.
Phospholipase C from Clostridium welchii (Sigma, London Chemical Co. Ltd.) was used in final concentrations of Io, Ioo or Iooo units/ml. The enzyme was dissolved in PBS pH 7.2.
As a source of phospholipase A, a Sigma preparation of a snake venom from Ancistrodon piscivorus (2 mg/ml PBS) was used.
Polyacrylamide gel electrophoresis was performed as described by Skehel & Schild 0970. Preparation of virus membranes, o" 15 ml of x-31 virus suspension (approx. I o mg protein/ ml) was mixed with o'35 ml tris-Mg buffer and I.O ml I ~ Nonidet. Incubation was carried out at room temperature for 6o rain. Thereafter the reaction mixture was layered on top of three continuous io to 6o ~ sucrose density gradients and centrifuged in a 3 x 5 ml MSErotor at 35ooo rev/min for 2o h.
For electron microscopy the bands or selected fractions of the gradients were collected with a syringe (fitted with a blunt needle), diluted with PBS-D and centrifuged at 4oooo rev/ min for 90 rain in an MSE angle rotor ~o x IO ml. The pellet was resuspended in o.i ml of the same buffer, sonicated briefly and stained negatively with ammonium molybdate.
Electron microscopy. Negative staining was carried out in a 'successive way' with 2 ~o phosphotungstate (PTA), pH 6.o, I ~ uranyl acetate (UA), pH 4"4, or 3 ~o ammonium molybdate (AM), pH 6"5. In some experiments the virus suspension was fixed with 3 or 5 glutaraldehyde (in PBS) before negative staining. Specimens were extensively washed after fixation.
Ultrathin sections were prepared as follows. The virus pellet was fixed in situ by one of the following procedures:
(a) The glutaraldehyde-osmium-uranyl acetate procedure (block stain) of Compans & Dimmock (I969) .
(b) OsO 4 (o.I ~) in distilled water for lo rain; washed with PBS 3 times for 5 min; 3 glutaraldehyde in PBS for I h; washed with PBS 3 times for 5 min; I ~ uranyl acetate for 2 h; washed with distilled water 5 times for 5 min; I ~ OsO4 for I h; washed with PBS 3 x 5 min.
Figs. I to 6. Specimens were negatively stained with ammonium molybdate. Figs. I, 2. AO/BEL virus treated with bromelain for 2 h. Knob-like bodies around the virus are supposed to be neuraminidase molecules. Fig. 3 -x-3 ~ virus after removal of the spikes by bromelain treatment. Fig. 4 -x-31 virus treated for iz h with bromelain. One of the particles has almost lost the virus membrane (arrows point at remnants) displacing the rough surface of the internal body. Fig. 5 . x-3I virus treated with bromelain for 7 h. One of the few particles still covered with spikes was broken and an internal body leaving the virus envelope was displayed (note the space between the internal body and the envelope). Fig. 6 . x-31 treated with bromelain overnight. A group of membrane-flee particles (with small bits of membranes -arrows). Their surface is finely granular. envelopment of nucleocapsids in the cytoplasm probably were derived from cytoplasmic structures rather than the nuclear membrane. Characterizing the m e m b r a n e preparations of HEp-z cells infected with the herpes simplex virus, Spear, Keller & R o i z m a n 0970) have identified at least 4 virus glycoproteins that are synthesized and b o u n d to the smooth cytoplasmic membranes. Their findings point to the possibility of cytoplasmic membranes playing a major role in the envelopment of herpes simplex virus.
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Figs. 7 to to. Specimens were negatively stained with ammonium molybdate. Fig. 7 . x-3t treated with bromelain at 37 °C for Io h followed by incubation at 4o °C for 2 h. 'Helical skeletons' are seen underneath the broken virus membranes. (d) OsO 4 (o.t ~) for 2o rain; washed with PBS 3 times for 5 rain; I ~ uranyl acetate for I h; washed with distilled water 5 times for 5 rain; t ~o OsOa for I h ; washed with PBS 3 times for 5 rain.
Fixation was followed by dehydration in alcohol series followed by absolute acetone and embedding in Epikote (Armstrong & d'Arcy Hart, I97 0 or Araldite (Fluka, Switzerland) . The sections were post-stained with ~ 9/o uranyl acetate (in water or in alcohol) for 3 ° to 6o rain and with lead citrate (Venable & Coggeshall, I965) for 4o sec.
Measurement of membrane thickness was carried out on the EM-plates using a binocular dissecting microscope and a graticule. Magnification of the Philips EM 3oo electron microscope was checked by a diffraction grating replica with 2t68 lines/ram in the usual way.
RESULTS
Effect of proteolytic enzymes
The AO]BEL strain proved to be much more sensitive to the proteolytic enzymes used than strain x-3I and bromelain was more effective than trypsin in both strains. First the effect of bromelain will be described. In the case of AO/BEL-virus most of the spikes were removed during the first 2 to 3 h. However, in 3 ° to 50 ~o of the particles small 'knobs' were seen around them (Fig. I) . Their diameter was about 8oA, which was close to the values (for diameter) reported by Drzeniek, Frank & Rott (I968) and by Laver & Valentine (I969) ; their distance from the surface of the particles was about t IoA (measured to the outer edge of the knob). In this particular experiment 2o ~ of haemagglutinating and 5o ~ of neuraminidase activities were still present as well as the neuraminidase polypeptide on polyacrylamide gels. The haemagglutinating activity and the corresponding haemagglutinin polypeptides on analytical polyacrylamide gels could, however, be entirely removed during the next I or 2 h of treatment whereas the knobs were still present. After 6 h or more the knobs were only rarely seen and also the corresponding polypeptide was absent from analytical gels. Thus, it seems likely that the knobs represent molecules of neuraminidase. It was of interest that they were not regularly distributed on the virus particles, moreover they were in clusters (Fig. 2) . Particles free of both rod-shaped and knob-like spikes were regularly obtained after 4 to 6 h treatment in the case of AO/BEL strain and after 8 to I2 h treatment in the case of x-3I strain. The surface of most spikeless particles was smooth (Fig. 3) .
When the bromelain treatment was prolonged (I2 to 24 h altogether) and when the incubation temperature was raised to 38 to 40 °C, approximately IO ~ of particles of both virus strains lost the virus membrane partially or entirely and displayed an internal body clearly visible underneath the virus membrane (Figs. 4, 5); this will be referred to as a' core'. Its surface was at first smooth or only finely granular, but on further incubation it became rough or distinctly granular (Fig. 6 ). In some cases a 'helical skeleton' of fibres about 35A thick could also be seen (Fig. 7) . These fibres displayed a certain rigidity as they did not stretch after disruption of the 'virus cores' and were seen as crescents or spirals. At the same time broken particles displaying a ' helical cylinder' of the nucleocapsid were also observed ( Fig. 8) . However, further bromelain treatment did not increase the percentage of'cores', moreover they were gradually disintegrated. Therefore, a higher concentration of 'cores' was achieved only by differential centrifuging, when particles treated with bromelain for at least 12 h were spun down at 4o ooo rev/min for I h and the supernatant fluid centrifuged at Fine structure of influenza virus 323 4ooo0 rev/min for 2 h. The pellet contained mostly broken particles, 'cores' or particles with the 'helical skeleton'. Trypsin was not as effective in removing the spikes as bromelain. The AO/BEL strain lost the spikes after about 6 h, whereas many particles of x-31 possessed the spikes even after 24 h or more. Lowering the ionic strength IO times (Reginster, 1965) increased the effectiveness of trypsin towards the AO/B~L strain, but not towards the strain x-32.
Usually an early effect of trypsin treatment was the appearance of'blebs', i.e. fine membranous protrusions with a smooth surface, sometimes covered with a few spikes. These could well be lipid vesicles originating from the virus membrane (Fig. 9) . The 'neuraminidase knobs' were not usually seen after trypsin treatment in the strains used. However, they were observed in an earlier study of influenza virus A Z/SINGAPORE treated for 2 to 4 h with trypsin (unpublished results). Virus particles fixed with 3 ~ glutaraldehyde showed loss of spikes after 6 h treatment with trypsin. In virus preparations treated for more than I2 h some rough 'cores' were also found as well as 'helical skeletons'. Exceptionally a helical 'skeleton' was found in particles still bearing the spikes showing that it was located underneath the virus membrane (Fig. IO) .
Effect of lipolytic enzymes
Phospholipase C was allowed to act on bromelain-treated spikeless particles because the area exposed to the action of enzyme was increased in this way. In fact, the effect was greater than on spiky particles. The incubation time was from 2 to 2 4 h. A marked effect was seen only after 2 2 h, but only about lO to 2o ~ particles were visibly damaged. The virus membrane was often broken, but very rarely entirely removed. In such cases the 'cores' were well displayed (Fig. 11 ) and sometimes naked 'helical' skeletons were observed (Fig.  12 ). In addition, typical crescent-like structures were often seen as a sign that the enzyme was active.
The effects of snake venom were more drastic. Again they were more pronounced in the case of spikeless particles. After 2o rain treatment many virus particles were disrupted and often lost their contents (Fig. I3) . Later, after 1 h, the disintegration was deeper and the proportion of virus membranes lower. Instead many 'fine membranes' were observed, some times with a few spikes attached to them (Fig. 24 ). In addition, many rather long filaments of similar thickness (8oA) as virus nucleoprotein were observed (Fig. I5) . However, they were most probably not virus components but reaction products of snake venom with lipids as they were also found after treatment of liver plasma membranes with snake venom. Thus, phospholipase A proved useful in isolating the virus membrane (after 2o rain treatment), but the' cores' were entirely disintegrated and short rod-shaped macromolecules reminiscent of nucleocapsid were often seen outside the membrane vesicles. The results obtained with bromelain and phospholipase C suggested that the 'cores' existed as a native morphological entity consisting presumably of the nucleoprotein' cylinder' or ' sphere' covered with a ' shell'. Now, the question was how far this coincided with the image of influenza virus particles as seen in ultrathin sections. For this reason sections were prepared of intact virus particles, spikeless particles and particles treated in different ways as will be described.
Ultrathin sections of normal virus particles (strain x-3I)
With any one of the fixation procedures starting with o.I ~ OsO 4 (b, c, d) the spike layer was better preserved than when starting with 3 ~ glutaraldehyde (procedure a) (Fig. 16 ). This coincides with the experience that fixation with I ~ OsO4 does not preserve the spikes well (Nermut & Frank, I971; Nermut, 1972) .
When glutaraldehyde was omitted (c, d) the spikes were markedly less stained than the 'cores'. Post-staining with alcoholic uranyl acetate substantially increased the electron density of the spikes. The spike layer had a mean width of I 2 o + 6 A (n = 3 I) and was separated from the next rather dense track by a light space about 25A thick. The inner dense track measured 7oA across. Inside the particle transverse sections of the nucleocapsid (8oA in diameter) were often seen. Longitudinal profiles of nucleocapsids were not as frequent. When uranyl acetate was included in the fixation procedure (a, b, d) the light space was clearly limited from outside by a dense track 2o to 25 A thick (Fig. 17) , so that the proper length of the spikes was only about moA, which is in good agreement with the data obtained from negatively stained specimens (Nermut & Frank, I97 0. The outer track was best seen on spikeless particles (Fig. I8 ) and the situation mostly observed was schematically represented in Fig. ~9 . The dimensions are in A and represent an average from 30 to 5o measurements. The standard deviation is fairly low (~ 5 %)-There are two possible interpretations of the observed profile: (a) it is a profile of a virus membrane which in this case is fairly assymmetrical; (b) it is a typical 'triple-track' membrane with another structure (layer) applied closely to its inner surface.
To decide between these two possibilities it was desirable to isolate either (a) the virus membrane or (b) the 'virus cores' and prepare ultrathin sections, (a) Only one of the several procedures attempted for membrane isolation will be described, i.e. the Nonidet treatment. In sucrose density gradients a band was seen in a density of H o 8 g/cm a which contained rather large vesicles (about I5O to 3oo nm in diameter), 
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presumably the virus membranes (Fig. 20) . These showed a typical triple-track profile in ultrathin sections (Fig. zI) . The thickness of the dense tracks and of the light interspace was always z5A for each. This speaks in favour of the interpretation indicated on the right in Fig. 19 . (b) Several attempts were made to prepare sections of isolated 'cores'. These involved prolonged treatment with bromelain (Fig. z2) , treatment with 2 ~ saponin for I h, fixation with glutaraldehyde followed by treatment with 2 ~ saponin (3 h), or I ~ Nonidet (3 h) or chloroform-methanol (2: ~) for I h. Ultrathin sections showed that treatment with saponin or Nonidet removed the virus envelope (= spikes and virus membrane) from more than 5o ~ of the particles and treatment with chloroform-methanol removed the virus envelope from more than 9 ° ~ of the particles. However, such 'cores' did not show any sign of internal organization; they were evenly dark with uneven outlines. No dark track was observed on their surface (Figs. z3, z4) .
Therefore we turned our attention to milder agents such as lipolytic enzymes. However, we were aware that phospholipase C was not very efficient and phospholipase A (snake venom) often caused a rupture of the spikeless particles. Therefore bromelain-treated particles were prefixed with 3 ~ glutaraldehyde for I h at 4 °C, washed twice with PBS and treated with snake venom U mg/ml) for a h at 37 °C. The particles were then sedimented at 3o0oo rev[ min for 4o rain and the pellet fixed by procedure (b), omitting o. I ~ OsO4.
Negative staining revealed a small amount of particles with intact virus membrane, many empty virus membranes, some 'fine membranes' and some 'cores' with a fine granular surface. Similar structures could all be identified in ultrathin sections: spikeless particles limited by a triple-track, empty vesicles (also with a triple-track), vesicles limited by a single dark track and 'cores' limited by a single track (Figs. 25, 26 ). This one was 25 to 3oN thick. A little higher value was usually measured from negatively stained specimens (30 to 35 A, Fig. 27 ). However, exact measurement of such small structural elements is generally very difficult.
DISCUSSION
Spikeless particles after treatment with proteolytic enzymes have been reported by many authors (for references see Compans et al. I97o; Nermut, I97O; Schulze, I97o, Skehel & Schild, I97I ) . The membrane-free 'cores' were probably seen by some authors (e.g. Hoyle & Almeida, I971), but no attention has been paid to them possibly on account of their low incidence. Particularly a prolonged treatment with bromelain and perhaps the higher incubation temperature were responsible for some of the findings described here. Another important factor was the specificity of the enzyme preparations used and the homogeneity of the virus population.
Our observations indicate that beneath the virus membrane is a spherical body which is Fig. 2z . Ultrathin section of a bromelain treated particle (14 h). The triple track is seen on the poles only (arrows). The innermost dense track is continuous over the whole stretched particle. Compare with particles in Fig. 9 . referred to as the 'virus core'. We suppose that it is built up of a nucleoprotein 'cylinder" or 'sphere' (Nermut & Frank, ~970 which is covered by a 'core membrane'. The latter term deserves more attention. Is it really a discrete and coherent structural element and therefore a 'membrane' or only a (proteinaceous) material covering the grooves between the nucleocapsid coils, or is it an integral part of the virus membrane ? What are the links between it and the virus membrane on one side and the nucleocapsid on the other side ? What is its chemical composition ?
In ultrathin sections the nucleoprotein strands are usually far enough from the internal dense track which, according to our observations, corresponds to the 'core membrane'. In other words, fixation and dehydration procedures neither prevent separation of these two structures nor create artificial links between them, suggesting the presence of weak bonds only. In negatively stained particles the 'nucleoprotein spheres' are seen in close contact with the 'core membrane', sometimes seen as a single light track about 30 A thick (Fig. 27 ) whereas the nucleoprotein 'cylinders' for geometrical reasons cannot follow the spherical virus membrane. In addition, the possible 'loose organization' of the nucleocapsid as suggested by Schulze 0972) also makes close contacts between both structures very unlikely.
The contact between the 'core membrane' and the virus membrane is very close in ultrathin sections so that usually only a single, 7oA thick, dense track is observed. This was obviously caused by the thickness of the sections. Sometimes small ' rings' or granules can be seen, therefore called the 'nanogranular layer' by Apostolov & Flewett 0969) . It is better resolved and described by B~ichi et al. (~ 969) as an' internal apposition' or by Compans & Dimmock 0969) as 'viral basic membrane'. The latter authors pointed to the importance of uranyl acetate treatment for good staining of the outer track of the virus membrane and so to better understanding of the virus profile in sections. In our material the outer track is best seen in spikeless particles (Fig. ~8) . However, ultrathin sections of isolated virus membrane showed a typical triple-track profile with common dimensions of a lipid bilayer. Therefore we do not consider the internal dense track (7oA thick, Fig. I9 ) to be one structural entity, but to be composed of two dense tracks in close contact, the outer one being a part of the virus membrane the inner one a single track 'core membrane'. Such a track is seen in ultrathin sections of snake venom treated particles only, whereas after organic solvents its integrity is damaged. In negatively stained specimens a very fine space between the virus membrane and the 'core membrane' could be seen (Figs. 5, 27) , suggesting that there is no covalent linkage between these structures. (Compare also with Fig. 4 by Schulze, 2972 ) . Detergents as well as enzymes are effective in separating both structures (Figs. 6, 9, I I, 2I, 25, 26) , whereas organic solvents first dissolved (usually stepwise) the membrane lipids, later on attacked the 'virus cores' too.
The fact that a space can be observed between the 'core' and the virus membrane is the main argument against the idea that the ' matrix protein' (supposing it constitutes the ' core membrane') is an integral part of the virus membrane. In other words it does not support the concept of a virus membrane composed of a lipid bilayer sandwiched from one side by glycoprotein spikes and from the other one by the 'matrix protein' (Compans et al. I972) . The term virus envelope would be more suitable in that case (Nermut, I97o; Klenk, ~972) ; however, the above mentioned observation supports more the idea that the' matrix protein' is not an integral part of the virus membrane. Therefore the term 'core membrane' has been preferred in this paper. Similar organization of virus surface is described in a lipid-containing bacteriophage PM-2 (Harrison et al. ~97I a) and in Sindbis virus (Harrison et al. ~971 b) . Thus it seems that such an organization can be more general in enveloped viruses and that host cell plasma membrane proteins are probably entirely lost during the budding process. Several authors reported results in favour of the idea that the ' matrix protein' is located beneath the lipid membrane (Schulze, I97O, 1972; Stanley & Haslam, I971; Compans et aL 1972) . Schulze (1972) found that the amount of the 'matrix protein' needed to form a spherical shell of an external diameter of 8o nm and 6 nm thick corresponds with the amount found in the intact virus particle. Similar results are reported by Compans et al. (~ 972) for a diameter of 7o nm and thickness 6 nm. However, according to the interpretation shown in Fig. I9 (right-hand side) the core membrane is only 3 to 4 nm thick. With our strain the calculation is based on the following data: the overall diameter of the virus particles prepared by freeze-drying and shadowing is I Io nm; the thickness of the 'core membrane' established from the sections of intact virus particles, as well as from negative staining of partially damaged virus particles (Fig. 27) , is 3o to 4oA. A space of IOA between the virus membrane and the 'core' is subtracted so that the final outer core diameter is 73oA. The virus membrane is considered to be 75A in thickness and the spikes to be IOOA long. For these data the number of molecules of a protein of tool. wt. 25o00 amounted to I56O for 3oA thick 'core membrane' and 2ooo for a 4o3, one. Skehel & Schild (I971) estimated 37oo molecules of that protein per virus particle. This difference can be accounted for either by presence of a certain pool of the 'matrix' protein in the particle or by inaccuracy of our estimates and suppositions.
Experiments with lipid solvents have shown that the spikes are lost when the lipids are entirely removed. Thus it is assumed that they are attached to the lipids of the virus membrane and do not penetrate it to bind with the 'core membrane' as suggested by Horne (1972) . A similar conclusion has recently been made by Landsberger et aL (197I) One 'structural element' described in this paper was not included in the diagram: the 'helical skeleton'. Its nature remains obscure. Its regular helical arrangement is very conspicuous and suggests a nucleocapsid. However, there are no structural analogues in the chemically isolated and purified nucleoprotein preparations. Similarly a certain rigidity of coils contradicts to that possibility. It seems therefore more probable that it is a part of the ' core membrane'. 
